Aim: This study aimed to determine challenges associated with neonatal transport in Jamaica, a resource-limited setting.
I N T R O D U C T I O N
In the first week of life, 1 in 10 babies requires admission to a neonatal unit [1] . Although in utero transport is the 'gold standard', it is sometimes unavoidable for neonates to be born in facilities that may be incapable of adequately supporting them. As a result, ex utero transfer remains a reality.
Poor transportation is one of the iatrogenic factors that is associated with greater neonatal mortality [2] . It is common for neonates to deteriorate during transport, especially when they are escorted by staff without adequate training and experience [3] . A specialized retrieval team can deliver intensive care to neonates who are critically ill and transport them to a neonatal intensive care unit with minimal morbidity and mortality related to the transfer [4] .
Anecdotally, it is felt that many of the neonates transferred to the neonatal unit at the University Hospital of the West Indies (UHWI) arrive in an unstable clinical state, which ultimately impacts V C The Author [2017] . Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com negatively on their survival. There has been no study to date examining interfacility transport of neonates in Jamaica and the factors that affect mortality. This study aimed to determine challenges in neonatal transport and factors associated with outcome of interfacility transport in Jamaica, a resource-limited setting.
M A T E R I A L S A N D M E T H O D S
Setting Jamaica is an island in the English-speaking Caribbean with an area of 11 424 km 2 and a population of 2.7 million people. The UHWI is located in Kingston, the capital, which is at the southeast end of the island. The UHWI is a university-affiliated, tertiary-level institution that, along with two other public hospitals, serves mainly the population of Kingston and St Andrew, approximately 669 000 people, but accepts referrals from the entire island. The neonatal unit at the UHWI is a 30-bed unit with the capacity to ventilate only six neonates at any one time; four pediatric consultants, two of whom have specialist neonatology training, staff the unit.
There is no formal neonatal transport system in Jamaica; the referring hospital has the responsibility to transport neonates to the UHWI. In most cases, transport is via land, in patient transport ambulances (vans); these ambulances are not solely dedicated to patient transport. Transport via helicopter for a few neonates from the distal western end of the island is facilitated through the Jamaica Defence Force. Assessment of stability of the neonate for transport, as well as required expertise of accompanying staff, is made by the referring hospital.
Population
This was a 15 month prospective descriptive study of neonates transported to the UHWI from other hospitals during the period 1 July 2011-31 October 2012. All neonates transported to the neonatal unit at the UHWI were entered into the study. Data on the clinical status of the neonate before, during and at the end of transport, as well as data on accompanying staff and equipment, were collected by a member of the admitting team. This was done using a check list on arrival of the neonate on the unit. Data on neonatal demographics, reason for transfer and outcome at 48 h and at the time of discharge were collected from the neonate's chart using a data extraction sheet.
Statistical analysis
Descriptive analyses were performed. Differences between survivors and non-survivors were determined using the student t-test for continuous variables and the chi-square test for categorical variables. Predictors of outcome were determined using multiple logistic regression models. Significance was taken at the level p < 0.05. Analyses were performed using the Statistical Package for Social Sciences version 12 (SPSS Inc., Chicago, IL).
Ethical approval
The University of the West Indies, Mona Research Ethics Committee, granted approval for this study to be conducted
R E S U L T S

Demographics
There were 50 neonates transferred to the UHWI during the study period; 25 (50%) of them were preterm and 32 males (64%). The mean 6 SD gestational age was 34.9 6 4.2 weeks, and the mean 6 SD birth weight was 2.3 6 0.9 kg.
Age at transfer and time of day of transfer Fifty percent of neonates were transferred within the first day of life. The median age at time of transfer was 1.5 days (interquartile range, IQR: 1-4 days). Twenty-five (50%) neonates were transferred during the night.
Reason for transfer
Thirty neonates (60%) were transferred for respiratory support, and 17 (57%) of these were preterm infants with respiratory distress syndrome. Eleven neonates (22%) were referred for surgical indications and 7 (14%) for specialist care. One neonate (2%) each was transferred for phototherapy and cardiovascular support.
Distance of referring hospital and mode of transport Thirty-eight percent of neonates were referred from hospitals within a 10 km radius of the UHWI, and 10% were referred from a distance of 200 km from the UHWI. The most common mode of transport was road ambulance [42 (84%)] (Table 1) .
Time between acceptance and transfer
The minimum time between acceptance of the patient and the patient leaving the referring hospital was 1 h and the maximum 6 h; mean 6 SD time: 2.94 6 1.8 h. The most common reason for delay in transport was that of awaiting an available ambulance, reported in 8 of 10 cases for whom information was available.
Pre-transfer stabilization
For 29 (58%) neonates, there were no documented vital signs before transfer. Temperature was recorded for 13 (26%), heart rate for 21 (42%), respiratory rate for 21 (42%) and oxygen saturation for 18 (36%) neonates. Blood pressure readings were not recorded for any of the neonates. The mean 6 SD temperature before departure was 36.34 6 0.62 C, and the mean 6 SD oxygen saturation was 92.5 6 9.93%. Thirty-nine (78%) neonates had respiratory support before transfer and 3 (6%) required CPR before transport.
Accompanying personnel
Twenty-four neonates (48%) were accompanied by a registered nurse only (Fig. 1) . Thirty-three (66%) of the accompanying personnel were able to resuscitate, and 22 (44%) able to intubate.
Equipment during transfer
The equipment most commonly used during the transfer of the neonates was an oxygen cylinder [36 (72%)] and an ambu bag and mask [33 (66%)]. Thirty-two (64%) neonates had an oxygen saturation and pulse rate monitor used during transport (Fig. 2) .
Transport process
Thirty-six neonates (72%) received respiratory support during transport. Seventeen of these (47%) were intubated and received intermittent positive pressure ventilation.
Fourteen neonates (28%) had no vital signs monitored during transport, 32 (64%) had pulse rate and oxygen saturation monitored and 21 (42%) had their respiratory rate monitored. The pulse rate and oxygen saturation were the only vital signs monitored at least three times throughout the transfer period.
Seventeen (34%) neonates experienced at least one adverse event during transport, and 6 (35%) of these had multiple events. There were no deaths during transport. The most common adverse event was that of cardio-respiratory deterioration, which was experienced by 10 of 17 (59%) neonates; 7 of 10 (70%) of these required CPR.
Status on arrival
The mean 6 SD temperature on arrival was 35.7 6 1.07 C, and the mean 6 SD oxygen saturation was 89 6 13.99%. Five neonates (10%) had a blood glucose level < 2.2 mmol/l on arrival. Outcome The median duration of hospital stay was 13 (IQR: 5-39) days. Seven neonates (14%) died within 48 h of admission; they had a lower mean 6 SD temperature 35.67 6 0.57 C before departure (p ¼ 0.026) and travelled over a longer mean 6 SD distance: 92.57 6 71.22 km (p ¼ 0.037). Overall 18 (36%) neonates died; the median age at death was 5.5 days.
All neonates who required CPR before transfer died (p ¼ 0.042). Eighty percent who experienced cardiorespiratory deterioration during transport died (p ¼ 0.002); these neonates were all transferred at night. Sixty-one percent of neonates that died required CPR on arrival (p < 0.001); these neonates were also all transferred at night. Neonates who died were more likely to be acidotic on arrival (Table 2) . Neonates who required CPR on arrival were two times more likely to die (odds ratio: 2.25, confidence interval: 0.01-0.75, p ¼ 0.02).
D I S C U S S I O N
The findings of this study clearly illustrate the challenges in neonatal transport faced in resource-limited settings, lack of adequate pre-transfer stabilization and documentation, lack of appropriate equipment, lack of adequately trained staff and lack of monitoring and timely intervention during the transport process.
Our study found a paucity of documentation of pre-transport vital signs for the neonates; in some cases, it could not be determined what objective parameters were used to assess the stability of the neonate for transport. For the neonates in whom vital signs were recorded, there was no documentation whether corrective measures were instituted for the neonates who were hypothermic before transport. Of note, despite requiring CPR before transport, three neonates were still transferred. This clearly speaks to poor pre-transfer stabilization and impaired assessment of stability of the neonates for transport. Previous studies have shown that stabilization before departure is the most critical aspect of inter-hospital care because it minimizes subsequent deterioration [2, 5] .
The level of escorting personnel is an important determinant in decision making in inter-hospital transport of a critically ill patient [6] . Again, findings of our study highlight difficulties encountered in undertaking neonatal transport in a resource-limited setting. The very reason the neonate is being transferred is the lack of requisite medical expertise at the referring hospital; yet, the referring hospital is responsible for providing the personnel to transport the neonate. So, as seen in this study, one of three of the personnel accompanying the neonates was not versed in neonatal resuscitation. With limited staff in resource-limited settings, the decision as to which member of the staff accompanies the neonate is not based on level of expertise required but rather on who can be released with minimum amount of disruption to the functioning of the ward, usually junior staff. Approximately one of three of the neonates transferred in this study had no monitoring of vital signs, and there was inappropriate fluid management during the transport process, resulting in the majority of neonates requiring fluid resuscitation on arrival. None of the neonates' temperature was monitored during transport, resulting in over half of them being hypothermic on arrival. Neonates who had a lower mean temperature before departure had a worse outcome. Singh et al. [2] , Da Mota Silveira et al. [7] and Rathod et al. [8] also demonstrated similar findings of increased mortality in hypothermic neonates.
The temperature of the infant on arrival at the accepting institution is a measure of the effectiveness of thermal support and medical care before and during transport [9] . The findings of our study speak to the impact of lack of appropriate functioning equipment on the transport process, a common problem in developing countries. The majority of babies were transferred wrapped in an open cot owing to the lack of transport incubators. The duration of transport also influenced the outcome of neonates. Neonates that died within 48 h had travelled over longer distances than those who survived.
With a longer duration of transport, neonates are exposed to more adverse stimuli such as accelerating and decelerating forces, resulting in dislodgement of intravenous catheters and endotracheal tubes and frequent shaking of an already unstable neonate. There is also an increased risk of cold stress, as an appropriate thermal environment has to be maintained for a longer period without the necessary equipment to do so. Mori et al. [10] and Narang et al. [11] also found a similar association between duration of transport and increased neonatal mortality.
The time of the day that transport occurred also impacted on the clinical stability of the neonates, as those transported at night experienced more complications; this could have been as a result of a combination of factors. Decreased ambient light that affected proper monitoring of neonates who had no vital sign monitors, decreased ambient temperature that affected thermal control and fatigue of accompanying staff could have affected decision making. In resource-limited settings, often the timing of transfer is directly related to when the only ambulance that is not solely dedicated to patient transport is available. As can be seen, this is a challenge, as critically ill neonates may be transported at odd hours at night, which may impact outcome.
Thirty percent of the neonates experienced at least one adverse event during transport, the most common being cardiorespiratory deterioration. Neonates who subsequently died were more likely to have had an adverse clinical event during transport requiring CPR. This lack of appropriate monitoring of the neonates during transport and lack of timely intervention to correct problems compounded the inadequate pre-transport stabilization and further impacted the outcome of neonates in this study. Barry and Ralston [3] also demonstrated similar findings; they found that patients who subsequently died were more likely to have had complicated transfers than the survivors. They attributed the high incidence of adverse clinical events to inadequate stabilization and patients being escorted by inexperienced doctors using inadequate or malfunctioning equipment.
The clinical state of the neonate on arrival at the accepting hospital is a reflection of the adequacy of the transport process. In general, many of the neonates in this study arrived at the UHWI in an unstable clinical state, they were cold, dehydrated, hypoxic, hypoglycemic and required some form of resuscitation. This suggests that neonates had clinical deterioration throughout the transport process, which went undetected because of either inadequate monitoring by the accompanying personnel or the accompanying staff was not able to institute adequate resuscitative measures because of lack of training or inadequate equipment. The need for resuscitation on arrival predicted mortality.
C O N C L U S I O N
The interfacility transfer of neonates from other hospitals in Jamaica to the UHWI is far from ideal. Neonates are not adequately stabilized before being transferred. They are also transferred in an unfavorable environment with inadequate monitoring and equipment and insufficiently trained staff. These factors, compounded with the long duration of transport that is often required, and some patients needing to be transferred at night, contribute to deterioration in their clinical state and an increased likelihood of demise. These neonates are therefore unable to benefit from the resources and expertise at specialist centers. Significant improvement is needed to bring about a more favorable outcome in neonates requiring transfer.
R E F E R E N C E S
